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A B S T R A C T
Purpose: To study the usefulness of EEG in the diagnosis of lissencephaly, a rare cortical developmental
disorder associated with abnormal cellular proliferation. Currently, the clinical emphasis is placed on the
radiological and genetic aspects for the diagnosis of lissencephaly.
Methods: This is a retrospective review of consecutive EEG recordings and imaging data from 14
children, with the diagnosis of lissencephaly, who were admitted from January 1998 to January 2010. All
EEG recordings were performed with the 10–20 system of electrode placement, in both awake and sleep
states. All EEG recordings were reviewed using anterior-posterior bipolar and transverse montages and
then they were interpreted blindly, with respect to the imaging and genetic investigations for each
patient.
Results: All children showed one of the three characteristic EEG patterns reported in the literature of
lissencephaly. The EEG pattern I, showed an anterior posterior gradient that corresponded to the severity
of the imaging study abnormality. All patients were on two or more AEDs and reported to continue
having active epilepsy.
Conclusion: In a child with clinical characteristics of lissencephaly, one of these three reported EEG
patterns can prove useful in making the diagnosis very probable, preceding imaging and genetic testing.
 2012 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
Seizure
jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Lissencephaly is a rare congenital cortical malformation derived
from abnormal neuroblast migration from the germinal cortical
layer, between the 8th and 16th weeks of the human gestation. The
result is a completely smooth brain surface with agyria or
pachygyri.1 The incidence of lissencephaly is 1 in 100,000 live
births or even higher, up to 1 in 13,000 to 20,000 live births.2 This
cortical malformation could be genetically determined or due to
exogenous factors during embryonic development. Exogenous
factors include intrauterine CMV infection and intrauterine blood
circulation disturbances, whereby subependymal primitive neu-
roblasts, primarily localized in the medial line, migrate patholog-
ically and initiate the abnormal in-folding that creates malformed
sulci and gyri.3
In lissencephaly type I, the classical form, the alteration is
restricted to the cerebral cortex and includes Lis1-associated
lissencephaly/subcortical band heterotopia (i.e. isolated 17-linked
lissencephaly and Miller–Dieker lissencephaly syndrome).* Corresponding author. Tel.: +1 416 813 5668; fax: +1 416 813 6334.
E-mail address: miguel.cortez@sickkids.ca (M.A. Cortez).
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http://dx.doi.org/10.1016/j.seizure.2012.12.001Lissencephaly type II involves the cerebellum and brainstem (i.e.
cobblestone lissencephaly and the cobblestone-dysplasia observed
in Fukuyama congenital muscular dystrophy, muscle–eye–brain
disease, and Walker–Warburg syndrome). Multiple genetic causes
of lissencephaly were reported recently, including the DCX-
associated lissencephaly/subcortical band heterotopia and the
ARX-related disorders, such as the Partington X-linked mental
retardation syndrome, X-linked infantile spasm syndrome, X-linked
lissencephaly with Ambiguous genitalia and X-linked mental
retardation).4 In addition, numerous genetic mutations of lissen-
cephaly were reported in the literature (i.e. TUBA1A, R402C, R402H
mutations, with phenotypes that are essentially identical to those
associated with Lis1 mutations, including phenotypes with
muscular dystrophy (i.e. LGMD2I, LGMD2K, LGMD2M).5 To date,
there is no ﬁnal agreement on the classiﬁcation of Lissencephaly.
The costs for genetic testing are still high and there are few genetic
laboratories around the globe.
There are three unique EEG patterns of lissencephaly recog-
nized since 1979.6 EEG pattern type I consists of diffused high
amplitude, greater than 100 mV, alpha and beta activity in all
cortical regions. EEG pattern II shows alternating high amplitude,
up to 300 mV, bursts of sharp and slow waves, followed by short
periods of attenuation of cortical activity that last up to 3 s invier Ltd. All rights reserved.
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waves or sharp wave activity, without alpha or beta frequencies, or
attenuations of the cortical activity.7
The clinical phenotype includes microcephaly, seizures, hypo-
tonia or a decerebrate state and different degrees of psychomotor
retardation. Although the emphasis is placed on the radiological
aspects of lissencephaly, sequential electroencephalograph (EEG)
recordings may guide this possible diagnosis. This study was
performed to test the relevance of the EEG data for the clinical
work up of lissencephaly. Pediatric neurologists may consider the
diagnosis of lissencephaly based on the combination of clinical and
EEG correlations highlighted in our study.
2. Patients and methods
This is a retrospective study of all children up to 17 years of age
with the diagnosis of classical lissencephaly (restricted to the
cerebral cortex only) at Edmond &Lili Safra Children’s Hospital, Tel-
Ashomer Israel and the Women & Children Hospital at Buffalo, NY,
USA, between January 1998 and January 2010, with Research
Ethics approval from both centers. Patient data included the age of
initial diagnosis, type of lissencephaly (EEG patterns I, II or III),
available genetic testing, head growth, degree of mental retarda-
tion, age of seizure onset, seizure type, prescribed anti-epileptic
drugs (AED), and at least two consecutive EEG recordings
performed six months apart.
2.1. Diagnostic imaging
Lissencephaly was reported by a qualiﬁed neuroradiologist,
based on CT or MRI scans, using the anterior-posterior grading
system described by Dobyns and Truwit.4 The most common form
of lissencephaly shows a posterior-anterior gradient of severity,
including agyria over the occipital regions, transitioning to
pachygyria in the frontal regions (i.e. mutation in the gene Lis1).
Other less common forms show a reverse gradient consisting of
agyria over the frontal or midfrontal regions with transition to
pachygyria in the occipital lobes (i.e. mutation of the gene DCX).Fig. 1. Axial T1 showing a posterior greater than anterior gradient of severity. There
is a spectrum of lissencephaly severity caused by Lis1 mutations.These two imaging gradients were pursued in our study for the
determination of the EEG correlations (Fig. 1).
2.2. EEG data collection
All EEG recordings were performed with the use of 23 scalp
electrodes and using the standardized 10–20 system of electrode
placement. All recordings included anterior–posterior bipolar and
transverse montages, in both awake and sleep, with activating
procedures such as hyperventilation and photic stimulation in the
range of 2–30 Hz.
A board certiﬁed electroencephalographer, who was blind to
the type of lissencephaly scored the different EEG patterns, namely
I, II or III (Fig. 2). The type of abnormal epileptogenic discharges,
amplitude, background reactivity, response to photic stimulation
and hyperventilation were also scored. Other features such as the
behavioral states awake and asleep, with EMG, EKG and sleep
stages recorded, were not analyzed because they were considered
beyond the scope of this study.
3. Results
We identiﬁed 14 patients with the diagnosis of lissencephaly, 8
from Safra Children’s Hospital and 6 from Women and Children’s
Hospital in Buffalo, from January 1998 to January 2010 (Table 1).
All children were diagnosed with the classical form of lissence-
phaly (alteration restricted to the cerebral cortex only). Out of the
14 patients, 9 were male and 5 were female (mean age 20.5
months, SD  18.47 months), at the time of diagnosis. Seven out of 14
patients had anterior gradient of severity, 2 had a posterior gradient,
and 5 patients had no gradient at all. We deﬁned the third sort as
diffused type on brain CT or MRI.
Cognitive deﬁcit was reported in all cases, but their degrees
were not included due to the different evaluation systems used in
the two centers from 1998 to 2010. In 3 out of 14 cases, the genetic
work-up was positive in one patient for the DCX mutation and
positive for Lis1 mutation in 2 patients. All patients were regularly
on different medications; at the time of data collection they were
on two or more AEDs and reported to continue having seizures. No
single AED or combination of drugs was found to be statistically
signiﬁcant effective treatment.
3.1. Seizures and EEG ﬁndings
All patients had electroclinical seizures (mean seizure onset
6.57 months, SD  7.44 months). Nine out of 14 patients had
infantile spasms as their ﬁrst seizure presentation and all patients
showed active epilepsy with other seizure types. Thirteen out of 14
patients had non-speciﬁc and diffused interictal discharges on their
EEGs. In all cases, the amplitude during awake ranged between 100–
150 mV, with occasional high amplitude bursts up to 350 mV, clearly
higher than the accepted 50–75 mV occipital dominant brain activity
observed in normal brain development. In 12 out of our 14 cases, the
background reactivity was abnormal, with failure to block the
occipital oscillations upon eye opening and failure to produce an
occipital driving response, at both low and high frequency photic
stimulation. In 10 out of 14 patients, there were sudden amplitude
increments or decrements produced with a paroxysmal appearance
on the EEG, that were not consistent with ictal activity.
In 7 out of 14 children (mean age 7.1 months, SD  16.41
months) with brain imaging, consisting of anterior more than
posterior gradient of lissencephalic severity, a high amplitude
alpha-beta activity (EEG pattern I) was reported (Fig. 2). In this
group, genetic testing was positive for the DCX mutation in 1 patient
only (Xq23 EAX02644). In 3 out of 14 patients, between 2 and 6
months of age, there were 300 mV high amplitude oscillations with an
Fig. 2. There are three distinct EEG patterns in our cohort of patients with lissencephaly. (I) EEG Pattern I consists of diffused bi-hemispheric distribution of a 200 mV mixture
of 8 Hz alpha with intermingled 14–16 Hz beta activity, conﬁrmed on bipolar and Cz referential montage. Calibration Time/Voltage scale indicate 1 s and 100 mV. (II) EEG
pattern II that consists of diffused bi-hemispheric distribution of 1.5–2.5 Hz slow waves with sharply contoured wave forms with high amplitude up to 200 mV, associated
with amplitude ﬂuctuations of cortical activity attenuation lasting up to 3 s in duration. (III) EEG pattern III showed 400 mV high amplitude generalized 1 to 1.5 Hz sharp wave
activity, recorded with bipolar and Cz referential montages. Voltage/Time indicate 100 mV/1 s.
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of attenuation, lasting up to 3 s in duration (EEG pattern II). Two of
these three children correlated to a posterior gradient of severity on
their brain imaging. The third case was a child who was positive for
the Lis1 mutation (deletion at 17p13.3) and had a diffused pattern of
severity on imaging studies. In four other children (mean age 3.25Table 1
Imaging gradient and EEG patterns in patients with lissencephaly.
Patient No IS Imaging gradient EEG pattern I EEG pattern II EEG
1 + A + 
2 + D + 
3 + A + 
4 + A + 
5 A + 
6 + A + 
7 + P + 
8 P + 
9 D + 
10 + D + 
11 + A + 
12 A + 
13 + D + 
14 D + 
There were three distinct EEG patterns. EEG pattern I consisted of high amplitude alpha o
amplitude attenuations. EEG Pattern III consisted of high amplitude spike or sharp wa
No. = number; IS = infantile spasms as ﬁrst seizure type; imaging gradient A = anterior Pmonths, SD  2.1 months), the diffused high amplitude spike-wave or
sharp wave activity (EEG pattern III) correlated to a diffused pattern of
severity on their imaging studies. Only one out of four children in this
group was positive for the Lis1 mutation (deletion at 17p13.3).
An abnormal topographic distribution of different EEG frequen-
cies was also noted in all cases with respect to alpha, theta and beta pattern III Age Sz onset (months) Interictal activity EEG reactivity
3 + Abnormal
4 + Abnormal
5 Abnormal
3 + Abnormal
6 + Abnormal
4 + Abnormal
4 + Abnormal
2 +
6 + Abnormal
2 + Abnormal
24 + Abnormal
5 +
24 + Abnormal
2 + Abnormal
r beta activity. EEG pattern II consisted of high amplitude sharp and slow waves with
ve activity, (see Fig. 2).
 = posterior; D = diffuse; EEG = electroencephalograph; Sz = seizure.
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the age of the patient. The faster frequency (i.e. beta activity) was
relatively more occipital, while the alpha and theta activities
occurred mostly over the rolandic and perisilvian areas. All
patients in our cohort showed 11–13 Hz sleep spindles, over the
central regions during sleep, with no thalamic abnormality on
imaging studies.
4. Discussion
Malformations of cortical development are macroscopic or
microscopic abnormalities of the cerebral cortex, as a consequence
of an interruption to the normal development of the cortical plate
formation.1,8 Abnormalities during any of these neurodevelop-
mental steps, due to either environmental or genetic origins, may
cause disruptions of neuronal circuitry. This may predispose to a
variety of clinical manifestations that are increasingly recognized
as an important cause of epilepsy and developmental delay.9 The
precise mechanism for these abnormal EEG changes in lissence-
phaly is not well understood. Gastaut et al. noted these
characteristic EEG patterns; they speculated that the abnormal
rapid and high amplitude rhythms were most likely related to the
defect in cortical gyration and neuronal organization.10
Lissencephaly refers to a ‘‘smooth brain’’ with absent gyri
(agyria) or abnormally wide gyri (pachygyria). The phenotype
could be characterized by typical facial features and severe
neurologic abnormalities, including developmental delay, abnor-
mal cognition, and apneic spells or infantile spasms.11,12 In our
study we found 9 out of 14 children that met these criteria. All 14
children continued to have seizures regardless of polytherapy
treatment, for which no speciﬁc AED was reported to be more
effective. The cellular epileptogenic mechanisms in lissencephaly
are still under investigation.
In normal conditions, the EEG is the summation of postsynaptic
potentials arising mainly from the radially orientated pyramidal
cells with respect to the cortical surface, representing the electrical
activity of one-third of the cortical grey matter.13,14 However in
lissencephaly, the pyramidal layer of an agyric or pachygyric cortex
may be even thinner than the normal cortex, which most likely
impacts on the electrical dipole direction towards the brain
surface. We found abnormal EEG amplitudes in 14 children and
abnormal cortical background reactivity in 12. We also observed
sudden changes of amplitude oscillation, with a non-ictal
paroxysmal EEG in the majority of our cohort (10 out of 14
children), as noted in earlier studies.8,15 For instance, Ferrier et al.,
suggested that these EEG changes may be due to the lack of sulci
and denervation supersensitivity of the abnormal neurons, picked
up by scalp electrodes.16 Gastaut et al., proposed that the
rhythmicity and increased amplitude were related to the abnormal
organization and orientation of these cortical layers. Later,
Hakamada et al., conﬁrmed the three speciﬁc EEG patterns
observed in lissencephaly in 1979.6 In our study, all children
diagnosed with lissencephaly were found to have one of these
characteristic EEG patterns. All children whose EEG showed
pattern I had an anterior gradient of severity on their imaging
including a child with a positive DCX mutation, correlating to the
anterior gradient of severity as DCX is preferentially expressed in
the frontal lobes.17,18 Three children showed EEG pattern II, and 2
out of 3 showed a correlation to posterior gradient greater than
anterior gradient on their imaging studies. One of these children
was positive for the Lis1 mutation. Therefore, both of these EEG
patterns and gradients of severity are interesting because they
were detected blindly with respect to the imaging ﬁndings, or their
possible genetic results and medications. Hence, we reason that an
initial EEG could be useful for the ﬁrst approach. It could lead to the
diagnosing of lissencephaly and possibly to predicting the severityof the cortical gradient, which would later be conﬁrmed on brain
imaging studies.
5. Limitations
We did not examine sleep stages on the EEG’s of these children,
although the sleep spindle oscillations appear normal in all cases
and correlated to their age. The formal study of sleep architecture
in lissencephaly was beyond the scope of our retrospective report.
We can only speculate that these children may have had their
thalamo-cortical connections spared and developed in spite of the
lissencephalic abnormality. This insight into the presence of
spindle oscillations in lissencephaly is consistent with the fact that
sleep spindles are generated in the thalamus, and that spindle
oscillations are directed towards the cerebral cortex via thalamo-
cortical ﬁbers.19 This is consistent with the normal imaging report
regarding the thalamus and striatum in our cohort. The major
limitation of our retrospective report on lissencephaly is that our
data come from a very small number of tertiary clinical centers;
therefore, a multicenter collaboration is warranted to continue the
investigation of this rare neurological condition.
6. Conclusions
The diagnosis of lissencephaly has improved with the
widespread use of modern brain imaging technology20 and will
continue to improve more with available (but relatively expensive)
genetic testing techniques. These characteristic EEG patterns along
with the clinical ﬁndings could guide pediatric neurologists to
consider the diagnosis of lissencephaly, prior to other tests for
earlier referrals and triage needed for these children and their
families. Although not speciﬁc, one of these interictal EEG patterns
may support the diagnosis of a child with suspected lissencephaly.
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